Abstract. Human telomerase reverse transcriptase (hTERT) is the main subunit of the core enzyme telomerase, which consists of three subunits. Telomeres are essential for chromosomal stability and integrity, protecting the ends of chromosomes from degradation and preventing chromosomal end fusions and recombination. A loss of telomere function is a major mechanism for the generation of chromosomal abnormalities. Telomere shortening leads to mutations, chromosome rearrangements and translocations. Colorectal laterally spreading tumors (LSTs) are a special type of superficial colorectal tumor. They are considered to have a high malignancy potential. The aim of the present study was to characterize the expression of hTERT in an LST cell line and paraffin sections. Immunohistochemistry was utilized to examine the protein expression of hTERT in the LST cell line, 48 resected LSTs, 48 protruded-type colorectal adenomas (PAs) and 48 normal mucosa samples. Statistical analyses were applied to test the associations between hTERT expression and clinicopathological parameters. The present study demonstrated that the positive expression levels of hTERT in LSTs, PAs and normal mucosa were 60.4, 22.9 and 10%, respectively. Compared with polypi and normal mucosa, the expression levels of hTERT were significantly increased in LSTs. The expression of hTERT was also observed in the LST cell line. The expression of hTERT was significantly higher in LSTs, which may indicate a potential for malignancy.
Introduction
Colorectal laterally spreading tumors (LSTs) of the colon and rectum are defined as lesions >10 mm in diameter with a low vertical axis that extend laterally along the luminal wall (1) . The clinical characteristics of LSTs include a flat and superficial growth pattern. Although LSTs are known as adenomas or 'pre-existing cancers', they have been hypothesized to have malignant potential. LSTs are divided into two macroscopic subtypes, flat (F)-type and protruded-type (2) . Despite the distinctive biological behaviors of LSTs, a number of genetic alterations have been reported, including K-ras and p53 mutations and cyclooxygenase 2 overexpression (3-6). Wang et al (7) observed that the expression of E-cadherin, β-catenin, glycogen synthase kinase-3β (GSK-3β), cyclin D1 and c-myc was positive in LSTs. Human telomerase reverse transcriptase (hTERT/Hest2/TP2), the main subunit involved in telomerase reverse transcription, is considered as one of the most important proteins affecting telomerase activity (8, 9) . However, hTERT expression in LSTs has not been thoroughly studied. Thus, this study aimed to elucidate the expression levels of hTERT in LSTs, colorectal tumors with a high malignancy potential.
Materials and methods
LST cell line. The novel LST cell line was obtained from the Department of Gastroenterology, Nan Fang Hospital, Affiliated Hospital of Nan Fang Medical University, China. The LST cell line was established from a human rectal villous adenoma obtained using endoscopic resection. A magnifying endoscope showed a flat granular tumor with nodes (70x60 mm) in the rectum (Fig. 1A) . Pathological examination of the biopsy specimen revealed that it had the characteristic morphology of a villous adenoma accompanied by moderately severe atypical hyperplasia (Fig. 1B) . The LST cell line was grown in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) containing 100 mol/l fetal calf serum and antibiotics. Cells were cultured in a humidified 5% CO 2 atmosphere. Cells from the primary passage of the LST were cultured for 48 h and fixed in ice-cold pure alcohol at -20˚C (Fig. 1C) . Immunohistochemistry. Cells were grown on chamber slides and stained for hTERT expression with a specific antibody (Beijing Zhongshan Biology Technology Ltd., Beijing, China). The specimens were fixed in 10% formalin solution and then embedded in paraffin. Serial sections were cut and prepared for hematoxylin and eosin (H&E) staining and immunohistochemistry, then rehydrated through graded alcohol. Antigen retrieval was performed by microwaving at moderate power for 3 min, followed by high power for 10 min in 0.01 M citrate buffer (PH 6.0). Endogenous peroxide activity was quenched by incubation with 3% hydrogen peroxide in methanol for 20 min. The slide was then incubated with a mouse monoclonal whole-serum antibody against hTERT (1:25 dilution; NCL-hTERT; Novo Castra, Newcastle upon Tyne, UK) at room temperature for 2 h. HRP-conjugated secondary antibody (anti-mouse, EnVision System kit; Dako, Carpinteria, CA, USA) was then applied for 60 min. Slides were rinsed in TBST twice. 3,3'-Diaminobenzidine was used as the chromogen. Slides were counterstained with hematoxylin, dehydrated in a graded series of ethanol, mounted on slides and cover slipped (10). For negative controls, normal mouse serum was added instead of the primary antibody. Epithelium and glands with a normal appearance in each section provided positive internal controls for binding of the primary antibodies. Positive expression of hTERT in epithelial tissue cells revealed a primarily cytoplasmic or nuclear pattern with yellow or brown staining. All sections were blindly and independently assessed microscopically by two trained pathologists. The intensity and distribution of immunohistochemical staining for hTERT were evaluated (7). The intensity of staining was assessed with a semi-quantitative scoring system as follows: 0, negative staining; 1, weak staining; 2, moderate staining; and 3, strong staining. The distribution of staining was graded by the percentage of stained cells in the region of interest as follows: 0, <10% of tumor cells were positive; 1, 10-50% of tumor cells were positive; 2, 50-75% of tumor cells were positive; and 3, >75% of tumor cells were positive. An overall score was obtained by combining the intensity and distribution of positive staining. Cases with 0 points were considered to be negative (0), cases with a final score of 1-3 as weakly positive (1+), cases with a final score of 4-7 as moderately positive (2+) and cases with a final score of >7 as strongly positive (3+).
Statistical analysis. Student's t-test was used to compare age, gender and tumor size features between the PAs and LSTs. A Chi-square test was used for comparing the remaining parameters between these two groups. To evaluate differences in the expression of hTERT proteins among LSTs, PAs and normal mucosa, the Kruskal-Wallis test was used, and further analysis with a Bonferroni test was used to compare any two groups. All statistical tests were two-sided and P<0.05 was considered to indicate a statistically significant difference. The statistical analyses were performed using the SPSS 13.0 software package (SPSS, Chicago, IL, USA).
Results
Patient characteristics. The clinicopathological features of LSTs and PAs are summarized in Table I . The mean age of patients with PAs was 62.3 years, whereas the mean age of those with LSTs was 64.1 years. No significant difference was identified in age (P= 0.163), gender (P= 0.142), histology (P= 0.137) or grade of intraepithelial neoplasia (P= 0.150) between the LSTs and PAs. With regard to the tumor size, the mean size of PAs was 15.5 mm, whereas the mean size of LSTs was 28.2 mm and a significant difference was identified (P= 0.032). In total, 43.5% of LSTs were located in the proximal colon; however, only 12.5% of PAs were located in the proximal colon. Additionally, PAs were identified more frequently in the distal colon (62.5%), whereas only (8.7%) of LSTs were located in the distal colon (P<0.001).
Immunohistochemical staining in the LST cell line. As shown in Fig. 1D , the positive expression of hTERT was localized to the cytoplasm or nuclei in LST cultured cells.
Immunohistochemical expression in paraffin sections.
The expression of hTERT localized to the cytoplasm among PAs, LSTs and normal mucosa is shown in Fig. 1E -G. The expression of hTERT was shown to be significantly different among the three groups (P<0.001). The positive expression levels of hTERT in the LSTs, PAs and normal mucosa were 60.4, 22.9 and 10%, respectively. The weak nuclear expression of hTERT was demonstrated as 18.8% in LSTs (9/48) and 16.7% in PAs (8/48). Further analysis with the Bonferroni test revealed that differences in the expression of hTERT occurred between LSTs, normal mucosa samples (P<0.001) and PAs (P<0.001), but not between PAs and normal mucosa (P=0.201; Table II) .
Discussion
Since the discovery of the telomerase enzyme in humans, it has become one of the most notable tumor markers and its significance in diagnostic, prognostic and therapeutic applications has been revealed. Extensive investigation has identified three core components of the enzyme, of which the catalytic subunit hTERT appears to be the most significant. More than 85% of tumors express telomerase, which provides an effective tool for the diagnosis, prognosis and treatment of malignancy. Telomerase activity is readily detected in ~3000 human malignant tumors, including breast, prostate, lung, liver, pancreatic and colon cancer. Telomerase activity is absent in differentiated somatic tissues (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) ; however, in the majority of tumors, overexpression of hTERT is accompanied by an increase in telomerase activity. The presence of hTERT in tissue samples and cells lines may be beneficial for identifying the stage and grade of the tumor. Depending on the type of test sample (fixed tissue, whole cells or tissue lysates), hTERT may also be detected by fluorescence in situ hybridization (FISH) (21) . In a number of cases, chronic conditions of specific tissues (e.g., liver cirrhosis) exhibit weak telomerase activity (22) . In certain tissues, two types of hTERT distribution patterns are observed, diffused and focal (21) . In others, a perinuclear and/or cytoplasmic staining pattern is observed (22) . The hTERT-positive cells with diffuse expression tend to have a higher proliferative index and the tumors are smaller in size compared with the focally distributed cells. hTERT-positive cells with focal distribution have a reduced survival time. The type of hTERT distribution in certain cases correlates with the clinicopathological parameters, while in others there is no association between hTERT expression and the proliferative index, grade or stage of the tumor.
To estimate the changes in hTERT expression between LSTs and PAs, we examined the expression of hTERT using immunohistochemical staining of the cell line and tumor tissues. The hTERT protein is mainly expressed in the cytoplasm of cells, with a lower level of expression in the nucleus. The accumulation of hTERT within the cytoplasm and nucleus is associated with colorectal cancer, in addition to other types of cancer. We observed that the cytoplasmic expression of hTERT was significantly higher in LSTs than in PAs (60.4 vs. 22.9%). Our data demonstrated that LSTs, as a type of precancerous lesion, may have the potential for malignancy. Kawanishi-Tabata et al (23) examined 122 colorectal carcinomas, including 52 cases of colon cancer and 70 cases of rectum cancer, and 80% of these carcinomas were positive for telomerase activity. Wang et al (7) reported that the expression of hTERT in colorectal carcinomas was 77.8%. Ohnishi et al (10) showed that the immunohistochemical expression of hTERT in the peripheral vein of colorectal cancer was 81%. However, in our study, the expression levels of hTERT in LSTs and PAs were lower than in the above-mentioned studies. By contrast, it has been reported that the expression of hTERT or telomerase activity does not always correlate with cancer progression in colon carcinoma, or even in bladder carcinoma (23) . Additionally, telomerase activity has been shown to be regulated by hormones, growth factors and inflammatory mediators (24) (25) (26) . In this study, the expression of hTERT was localized to the cytoplasm in LST cultured cells and hTERT immunoreactivity was positive. We may explain this result by speculating that the LST cell line was already in the malignant transformation process to a certain extent. It has been reported that tumor cell lines Lan-1, HeLa and Co115 are telomerase-positive (27) . A study describing the establishment of the LST cell line demonstrated that the histopathology of a nude mouse xenograft tumor was a poorly differentiated adenocarcinoma and cells cultured from the xenograft tumor had the same properties as the original cell line (28) . Thus, the LST cell line has higher malignancy than normal adenomas. To the best of our knowledge, this is the first study estimating telomerase activity in LSTs, including hTERT immunoreactivity in tissue samples and LST cultured cells.
In conclusion, the present study showed that activation of the hTERT protein appears to be higher in LSTs than in PAs and normal mucosa samples. The immunoreactivity expression of hTERT in the LST cultured cells was positive. It may revealed that there are some correlation between malignant tendency and LST cells. Although hTERT subunit expression appears to be a useful indicator for the prognosis of LST disease, the biological behaviors involved remain to be clarified.
